Multiple actions of arylalkylamine arthropod toxins on the N-methyl-D-aspartate receptor.
The effects of the arylalkyamine arthropod toxins argiotoxin 636 and philanthotoxin 343 were studied on N-methyl-D-aspartate receptor currents in cultured rat hippocampal neurons using whole-cell recording techniques. Argiotoxin 636 and philanthotoxin 343 blocked 10 microM N-methyl-D-aspartate (+10 microM glycine) currents in a concentration-dependent fashion (steady-state IC50 values, 0.9 and 56 microM, respectively). The onset and recovery from argiotoxin 636 block occurred slowly (forward and reverse rate constants, 7.5 x 10(3) s-1 M-1 and 6.9 x 10(-3) s-1, respectively) whereas the philanthotoxin 343 block was more rapid (forward and reverse rate constants, 1.1 x 10(5) s-1 M-1 and 0.1 s-1). A portion, but not all, of the block by the two toxins could be reversed by depolarization to positive holding potentials, indicating that there are voltage-dependent and non-voltage-dependent components of the block. The long-lasting argiotoxin 636 block at -60 mV occurred in a use-dependent fashion and could be substantially reduced by co-application with 10 mM Mg2+, providing evidence that the toxin has a channel blocking action. In contrast to the use dependence of the voltage-dependent argiotoxin 636 block, the non-voltage-dependent component of block (at +60 mV) did not require agonist gating of the channel. The non-voltage-dependent block by argiotoxin 636 was unaffected by increasing the glycine concentration, but was reversed by increasing the N-methyl-D-aspartate concentration, suggesting that the toxin may act as a competitive antagonist at the N-methyl-D-aspartate recognition site. This mechanism was further supported by the near identity of the time constant for argiotoxin 636 block with the time constant for agonist dissociation, irrespective of whether the rapidly dissociating agonist N-methyl-D-aspartate or the more slowly dissociating agonist glutamate was used. With high concentrations of N-methyl-D-aspartate (> or = 100 microM), argiotoxin 636 produced a potentiation of the peak N-methyl-D-aspartate response (at +60 mV) that was accompanied by a slowing in the rate of current desensitization and an increase in the affinity for glycine. We conclude that the arylalkylamine toxins antagonize N-methyl-D-aspartate receptor currents by two distinct mechanisms: use-dependent and voltage-dependent open channel block and competitive antagonism at the N-methyl-D-aspartate recognition site. In addition, argiotoxin 636 exerts a polyamine-like facilitation of N-methyl-D-aspartate receptor currents. This facilitation occurs via both the glycine-dependent and glycine-independent mechanisms, whereby spermine is known to potentiate N-methyl-D-aspartate receptor responses.